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Switch Interface for Monochromator
and Radiometer

1. Introduction

This report provides a detatled desenption of a digital intertace unit which,

"

when used i compunction wath o Data Translation 32 bit input;/output (1/0)
board [1], enables an IBN compatible personal computer to control an optical
monochromator (2 aid bvo optieal radiometers [310 1t coudd also be used to
control other caginpment contaming, \hv\,;;lal mput and UUtput (.

The optical moncchromator and the radiometers swere used to obtain optical
retloctance and absorbance intornmation abouat mateniats and Tor cquipment
Both the monodhromator and the radiometers were manutactured by Optronies
Faboratories Incorporated [2T frgure T shows a common configuration of the
menodcdhromator and radiometerss I this contiguration a white light source
tummates the cotrance sht to the monochromator. The monochromator splits
the mardent hight into a colour spectrum. A narrow wavelength band
e mm depending on shit widthy of light exits the monochromator and is
directed at normal incidence onto a specular optical surface or device. Before
this however. 507 of the heht s split off, by means of a beam splitter. onto
the detector of radiometer number 1 This radiometer reading is proportional
o the power of the madent haht upon the sample. The hight reflected off the
sample s directed b the beam sphitter into the detector of radiometer number 2
whose reading s proportional tothe power ot the retlected hgbt from the
~ampie henctore the ratio of the signal from radiometer Nao 2 over the
signalirom sadiometes Noo b s directly: proportional to the retlectivity of the
compde Ui acabibrated mareor ot position "TAAT (Fig 1 or a calibrated

Beam sphitter an exact measure of the retlectivity can be obtained
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Figure 1 Covninovy confieuration of Hhe menoclronator and radiomieter,
AY AN

Previcashv the conticurations i Figure T minus one radiometer was attached
toa Hewlett-Packard seB computer [ w hich used binary coded decimal (BCD)
mpat cards [53 1o control the moenochromator and also to collect data trom the
cne radiemeter and the monochromator A comprehensive prograny m HP
Basicawntten by Kennett [7] eoobled o scan of o selected wavelength range to be
obtamed and the dota to be stored and graphically displaved. Since only one
radiometer and the monochromator were able to be connected to the computer
at o times multiple runs were required i order to measure the madent and the
retlected Tighto Farthermore, the HPSeR computer svstem was no longer tully
supported by HEP thereby Bionting future groweth and future taalts mav te ven
dithicalt to reparr Accordinglv it was dedided to rewrite the sottware m
Turbo Pascal Version 4y and implement control trom an IBM compatible 1°C o
mmprove and sate-guard the automated data acquisition procedure (6]

Both the radiometers and the monochromator use a BCD interface. However,
it wos deaded that the use of the Data Translation 32 bit 170 board already
mstalled msome existing computers within the Materiols Division was the most
cost ettective and practical way to proceed. Inorder for three machines to be
controlled, a digital switch interface was required that would multiplex
commands and data to and trom the computer. Multiplexing was required
because there were insutficient lines of communication (32) to directly address
the three devices. Figure 2 shows the final contiguration achicved.

The tollowing Sections descnibe the design of the digital switch interface and
small moditicabions that were subsequently required on the two radiometers,
Apperddicos Toand 2 detail the mechanical design and the electrical circuit

design respectively
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Figure 200 Moncddvonitor and radometers controlled Puan IBM personal computer

sy Hie digtal sicitcl itertace

2. Digital Switch Interface

A prcture of the digtol switchaintertace s shown i Figure 300 The unit s
motnted g standard instramentabion case 200 nano« 380 mam < 23 mm
e e e Appendid By Waght of the amits 1 kg s connected (o the
data transtotion boord, whion i< mounted moa PO trom the rear panel by a
S0 way nibben cable. Connection to the radiometers and monochromator is

~

aise made trom the rear panel by 25 wav nibbon cables (A ppendis 1)

2.1 Electronic Design

Phe dhgitel swatch itertace was designed to enable o data transation 32 bit 10O
board (DTS o commumicate with up 1o three mstruments, This was
achiesed By asaing three of the 32 lines 1o control solid state switches which in
b co atrol the tlow of data to and tromy the mstruments. In essence the data
to and trom cach instrament are multiplesed onto the 32 bit 1/O port installed

m the IRN compatible PC b 2)
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Figure 30 Prcture of the digstal switch oitertace (front ad rear panels)
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The communication requirements ot the monochromator and cach radiometer
were:

() the monochromator required 18 data output lines, four control input lines
and ground,

0 each radiometer required 20 data output fines, four control input hines and
vround

Itis evident that it all three instruments were connected on separate 17O Hines
into the computer, 70 mput output (170 lines plus three yround lines would
be required. The logic levels were TTL for all the instruments

The 170 ot the data translation board is configured as four 1,0 ports, plus
4 ground lines. Each port is composed of cight digital I/O lines.  Any
complete port (ot eight 170 lines) could be switched by software to an input or
output mode. Al cight 170 lines in any given port are either all i the input
mode or allin the output mode as mixed modes within any given port is not
possible. In order to change the state of one output line, all eight lines in any
given port are addressed evenif fogic level changes are not required for the
other seven lines in that port.

For this project the 170 lines are arranged in the following way; three ports
(total L4 170 lines) were used for 20 data input hines to the PC, and the




remaining port was used for output from the PC. - Of these cight output lines,
four lines issue commands for instrument control, e.g. slow or fast wavelenyth
scan on the monochromator.  Three of the remaining four lines control the
switching (multiplexing) of data to/from each instrument.  Five 1/0 lines were
not used.

Figure 4 shows the aircuit of the digital switch Loerface. Quad tri-state
butfers (74 LS 125) were used for the three banks of digital switches. Fach
bank of digital switches (24 switches in each bank) controls the flow of data
between the PC and an instrument, e, radiometer 1. Furthermore, cach bank
ot switches has a single control line input; control line M for the
monochromator and R1 and R2 for the respective radiometers (Fig. 4). The
logic levels on the control line inputs are determined by the outputs: N7, R
and R2" (Fig. 4) from the PCo IE M7 s low, R17 and R2’ high, then collection of
data from and control of the monochromator can occur as the ontputs on the
other mstruments are switched off. Ina similar manner, inputs R and RY
relate to radiometers T and 2 respectively. However, to avord a condition
where two or more control mputs go los, therebe causing a contlict (shorting
of vutputsi, some switch control Towie was emiploved Gntegrated circunts Do
and D20, b4 This control Togie ensures that all the correct switching
commands described above are acted upon. Al other switching command
combinations received from the PC will swatch M, RT and R2 high thereby
causing the radiometers and the monochromator to be electronically isolated
from the PC The occurrence of any illegal command will be indicoted by the
PC bemy, wiable to collect anyv data from or control the instrumentis) addressed

The tour instrument control hines (Fig. 4) atfow control of either radiometor o
the monochromator. The reader is reterred to references 2 and 3 for detaied
mtornation on the control commands

Appendiv 2 vontains the printed arcat board design detailing the circun

components and ther Taveot

3. Modifications to the Radiometers

3.1 Description of the Problem

T the desian stage of the Tarbe Pascal contral sottware [n] it was decnded to
hange the data collecoon procedure implemented i the ornaoal TH Basi
proviam [T The orpgnad sottware produced o contimuous scan ot the
monochromator and at regular imteryals the wavelength would be read trom the
monochromator tollowed by the radiometer reading. This procedure
mtroduced an error that was dependent on the rate of the wavelength scanning
(=low or fasty and the resolution (it wadth used) of the monochromator
because there was a tmite time delav between reading the wavelength and then
requoesting and receving a reading from the radiometer. This delay meant that
the monochromator had moved on from the wavelength recorded when the
radiometer was requested to hold and transnut o reading. With the turther
mitroduction of another radiometer thas error could onlv mcrease it the

procedure was not changed to remonve the delay

4
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The simple remedy was to have the monochromator scan performed in
muititude of small steps. For example, at the start ot the computer program
the wavelength would be read and both radiometers would also be read The
monochromator would then be directed by the software to increment a smali
amount and then stop. - All three instrument readings would agam be obtained

. by the PC. This procedure was repeated over the tull range of the scan
required thereby removing the reading delay error between the monochromator
reading and the radiometers.

However in overcoming measurement errors by modifving the computer

. program controlling the mechanmical method of measurement, another source ot
potential instrument error (not including detector accuracy) became evident. In
cach radiometer, the analogue to digital (A 7D) convertor would sample and
hold s respective detector signal and then convert it to a digital tormat suitable
for transmission to the 'Co This <ample, hold and conversion process within
the A1 s controlled by an mternal clock eveles B the A D convertors are not
samphing data at the same times the readings obtained could Tead to large errors
especrally where mput signals to the monochromator are changing rapdive - In
crder to ensure this could not happen, cach radiometer was moditied slightly so
that they could be inked together in o master. slave contiguration in which the
data samphnyg became synchronous. The moditication involved introducing o
sinall aramt into cach radiomeaeter. This moditication is described in
Section 3.2

Svivhronisation of the radometers with the monochromator was not a
probiom becatise the wavelength reading was obtamed directiv trom a shatt

ciccder o the drve irechansm atter 1t had stopped

3.2 Radiometer Circuit Modification

The modication ot the radiometers was shohtly complicated due to the tact
that although the two radiometers swere the same models, the manutocturer had
moditied the aroutry betsween the purchase dates of the radiometers. The
analogue o dngtal (A D) comvertors incach radiometer were ditrerent The
main ditference of concern was the timimyg of ACD conversion mitiation pulse
The radiometer S N S50202 ysed an 1CT 7T00 A D whieh generated an
mternal A DY conversion imtiation pulse, whereas the second radiometer,
SONCRR20028 gsed an 1T

pulse tomibiate an AL conversion

135 A D which required an externally generated

The moditication implemented involved using the rising edge of the busy
outpui pubse of the ICL 7135 to generate a T ms pulse to the ICL 7101 to
svnchronise the radiometers. Figure S shows the arcuit used. The rnising edge
of the busy pulse from the ICE 7135 s transformed mto a 1 ms pulse using a
21 dual monostable. This pulse s transmitted to the second radiometer by
coavial cable trom the rear ot the tirst radiometer. Isolated BNC sockets and
an opto-solator recever were tsed to avord any potential problems from
ground loops A simple toggle switch on the rear ot the second radiometer
(5 N 830202) enabled the user to svichronise the A/ Ds producing a
master - slave situation. A Light emitting diode mounted on the front panel ot

the radiovimeter mdicated the slave mode.
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4. Summary
A digital switch intcrface has been constructed enabling an IBM compatible PC
to multipiey control to, and the data acquisition from. two radiometers and o
. monochromator. In addition, the gseneral design of the switch interface enables
1t to be used by a PC to control any other three instruments where a digital
interface (T Jevely s used.
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